We measured changes in regional cerebral blood flow (rCBF) induced by reading, naming, and the Stroop effect in 12 right-handed normal volunteers. rCBF was quantified with a single-photon emission computer ized tomograph after intravenous injection of 133Xe. Data were analyzed using predetermined regions of interest Stroop (1935) has demonstrated that naming the ink color of words of color takes longer than naming the color of square dots when the ink color and the word of color are not the same (e.g., the word blue displayed in green). In contrast, reading words of color displayed in a different color takes no longer than reading the same words displayed in black let ters.
and a linear model. A significant relative activation was revealed in the right superior mesial frontal region during the Stroop effect. Key Words: Attention-Naming Reading-Regional CBF-Single-photon emission com puterized tomography-Stroop effect.
that the most marked activation occurs in the right anterior cingulate area. This result was obtained with the subtraction method, in which the PET scans that correspond to two tasks sharing all cog nitive operations but that under study are sub tracted. The two experimental conditions that were used were the interference condition as defined by Stroop and a condition in which the ink color matched the word of color. Although subjects were instructed to name the ink color aloud and to avoid reading the word, this protocol did not permit con trol of the fact that subjects responded by naming and not by reading. If subjects responded by read ing, then the subtraction method applied to these two conditions did not permit one to distinguish the activation related to naming from that associated with interference inhibition. Moreover, as the re sponse latencies were not measured, the occur rence of a Stroop effect (i.e., the increase in re sponse latency during interference) could not be checked. In our opinion, due to these limitations, one cannot conclude that the observed right ante rior cingulate activation was related to the process of interference inhibition. For this reason, we stud ied regional cerebral blood flow (rCBF) changes in three experimental conditions: reading, naming, and interference. In addition, we measured the re sponse latencies related to these three conditions.
SUBJECTS AND METHODS

Subjects and tasks
Twelve right-handed, normal volunteers were studied. They had no neurological disease and they received no treatment. There were six men and six women, aged from 30 to 47 years (mean ± SD, 37 ± 5 years). Handedness was assessed with the Edinburgh scale (Oldfield, 197 1) . The experiment was approved by the local ethics com mittee and subjects gave informed written consent.
Three rCBF measurements were obtained in each sub ject: one during reading words of color (blue, green, red) displayed in black letters, one during naming the color of solid rectangles, and one during naming the ink color of words of color displayed in a different color (interference condition). The session began with reading in six subjects and with naming in the other six subjects, to avoid an order effect. CBF measurement was performed during interference as the last run in the 12 subjects.
Each word or rectangle appeared in the center of the screen of a microcomputer (MacIntosh II; Apple, Cuper tino, CA, U.S.A.) placed in front of the subject at a dis tance of 30 cm. Words and rectangles measured 10 x 5 mm. The microcomputer was fixed on a table whose in clination could vary, so that subjects could see the center of the screen without difficulty. Each item was displayed for 1,800 ms. The interval between two items was 500 ms. Random series of 110 items were used for each experi mental condition. Thus, although the tasks started before the injection of 133Xe, data acquisition had finished before the end of the task. Subjects were instructed to respond as quickly as possible. A microphone was fixed on their chest and responses were registered on a microcomputer (MacIntosh II). Response latencies were subsequently measured on digitalized sonograms. All CBF measure ments were performed in a dim quiet room.
CBF measurement
CBF was measured using single-photon emission com puterized tomography (SPECT; Tomomatic 64; Medi matic, Copenhagen, Denmark) following intravenous in jection of 133Xe (2, 200 MBq) . Data were collected from three transverse slices simultaneously, each 2 cm thick, parallel, and centered at 0, 4, and 8 cm above the can thomeatal plane (CM). The intraplane resolution was 1.7 cm.
The subject's head was carefully positioned in the ap propriate orientation according to graduate external markers. Marks were also drawn on the skin of the sub ject's face and a photograph of the head and of these marks was used to readjust the head position from one scan to the other. Datum acquisition started 10 s after the beginning of the task. The P aco2 was continuously re corded using a cutaneous electrode and a P aco2 monitor (Kontron 634; Kontron, Basel, Switzerland). A small blood sample was withdrawn for hematocrit determina tion. Blood pressure was measured before and after each datum acquisition. CBF was measured using a method described previously (Celsis et al., 198 1) . The rCBF data were transferred and stored in a microcomputer (Mi crovax 2; Digital Equipment Corp., Maynard, MA, U.S.A.). Reconstructed images of CBF were then pro cessed in a microcomputer (MacIntosh 11). The three CBF measurements were obtained the same day for each subject. The interval between CBF measurements was 60 to 90 min.
Datum analysis
We analyzed the CBF slices using regions of interest (ROls) containing several contiguous pixels. We must ad mit that rCBF in such ROls may represent only a partial value of the specified anatomical region. We determined, according to visual analysis of the images of the tomo graphic slices and the known functional anatomy of at tention, (Posner and Petersen, 1990) , the features (shape, number of pixels, and topography) of 16 ROIs. Once these features had been determined, they were recorded on a MacIntosh II microcomputer for image processing. The different ROls were then superimposed on each of the corresponding rCBF slices. This method of image analysis allowed us to compare ROls with the same to pography, shape, and size in every subject.
After having delimited the outer contour of the brain by thresholding, we drew eight ROls in one hemisphere: four on slice 2 (CM + 4) and four on slice 3 (CM + 8). Sym metrical ROls in the contralateral hemisphere were auto matically obtained from the vertical interhemispheric axis (Fig. 1) . The mean CBF of slice 2 was measured in each experimental condition by averaging the pixel values re corded on this slice. Blood flow in each ROI was normal ized to the mean CBF of slice 2.
Statistical analysis
To analyze possible interactions between the factor "ROI" and the factor "experimental condition," we used the following linear model: I-lrCBF, the mean rCBF; Uk' the effect of factor ROI (16 levels); f3ik' the subject/ROI interaction; '6jk, the experi mental condition/ROI interaction; and Eijk' the indepen dent residual components. The effects "subject" and ex perimental condition" and the interaction "subject/ experimental condition" are not included in the model because previous normalization is supposed to remove them. A ROIlexperimental condition interaction was con sidered to be significant when its magnitude was more than two standard errors. Computations were performed using GUM software (Royal Statistical Society).
Variations in response latency were analyzed using analysis of variance and Scheffe' s test. Finally, a linear regression was performed between rCBF and response latency. The significance level was set atp < 0.05. Values are expressed as means ± SD.
RESULTS
Changes in response latency through the three experimental conditions
Mean response latencies are given in Table 1 . Re sponse latency was longer in interference than in naming and in reading (p < 0. 001). There was no significant difference between reading and naming.
rCBF changes through the three experimental conditions Blood pressure and P aco2 did not vary signifi cantly from one scan to the other.
Mean absolute and normalized rCBF values in the different ROI are given in Table 2 . A significant positive interaction with the interference condition was found in only one ROI, the right superior me sial frontal region (0. 08305, SE = 0. 02901; p < 0. 05). Interactions of this ROI with the other two experimental conditions were not significant.
No significant correlation was found between rCBF in the right superior mesial frontal region and response latency by linear regression.
DISCUSSION
The relative increase in CBF we observed in the right superior mesial frontal region during the inter ference condition is consistent with the finding by Pardo et al. (1990) , who reported, using PET, a CBF increase in the right anterior cingulate cortex.
Moreover, our study has demonstrated that the ac tivation was related to interference, as blood flow in (1982) has found that, compared with sensory discrimination after single modality stimulation, the right mesial frontal cortex is strongly activated by sensory discrimination in one modality after simul taneous stimulation in several modalities. More re cently, Posner et al. (1989) and Petersen et al. (1988) have shown that the anterior cingulate is activated during linguistic tasks that require a semantic selec tion. The activation is more pronounced when the list contains many words for selection. The role of the anterior cingulate area in the selection of re sponses is also suggested by the deficit in delay tasks that monkeys and cats demonstrate after a lesion in this area (Fuster, 1989) . Finally, the exces sive behavioral vulnerability to external stimuli ex hibited by patients with a mesial frontal lesion (Lhermitte, 1986) ported an activation in the left inferior prefrontal region (a ROI that included the left mesial frontal cortex) in normal subjects during the Wisconsin card sorting test, which involves the subjects' inte gration of responses into sequential, anticipatory, and planned activity (Mesulam, 1985) . This cogni tive process is far more complex than the sheer in hibition of the usual response that is involved dur ing the Stroop task. From these data, it therefore seems that the functional affiliations of the right me sial frontal region are different from those of the left mesial frontal region. Pardo et al. (1991) demonstrated that, compared with rest, a state of enhanced vigilance to the vari ations of the intensity of a located visual or tactile stimulus is associated with the activation of the rig h t prefrontal and superior parietal cortex, what ever the location of the stimulus. We did not find such an activation, probably because the three ex perimental conditions that we used all implied a state of increased vigilance to a visual stimulus.
In conclusion, our study confirms that the Stroop effect is concomitant with a right mesial frontal ac tivation.
